We use scanning tunneling microscopy to investigate the doping dependence of quasiparticle interference (QPI) in NaFe 1-x Co x As iron-based superconductors. The goal is to study the relation between nematic fluctuations and Cooper pairing. In the parent and underdoped compounds, where four-fold rotational symmetry is broken macroscopically, the QPI patterns reveal strong rotational anisotropy. At optimal doping, however, the QPI patterns are always four-fold symmetric. We argue this implies small nematic susceptibility and hence insignificant nematic fluctuation in optimally doped iron pnictides. Since T C is the highest this suggests nematic fluctuation is not a prerequistite for strong Cooper pairing.
date there is no report on the doping dependence of QPI patterns in the iron pnictides, which is crucial for elucidating the relation between the electronic nematicity and superconductivity.
In this work we use QPI imaging STM to study the symmetry breaking and nematic fluctuations in NaFe 1-x Co x As iron-based superconductors from the parent to optimally doped regime. The variation of the QPI patterns shows that the electronic structure becomes more isotropic with increasing doping. Most importantly, in the optimally doped compound we find no evidence of nematic fluctuations, which suggests nematic fluctuation does not play an important role in strong Cooper pairing in the iron pnictides. Figure 1 (a) displays the schematic phase diagram of the NaFe 1-x Co x As system, in which the structural, magnetic, and SC transitions are marked by solid symbols. The parent NaFeAs has a structural transition from the high T tetragonal to the low T orthorhombic phase at T S = 50 K, followed by the formation of a stripe-like spin density wave (SDW) order at T SDW = 40 K. The underdoped sample (x = 0.014) shows the structural, SDW and SC transitions at T S = 32 K, T SDW = 22 K and T C = 16 K, respectively. At optimal doping (x = 0.028) the only phase transition is the SC transition at T C = 20 K, and the crystal remains tetragonal at all temperatures. Thus STM studies on these three samples allow us to track the anisotropic electronic structure from the orthorhombic/AFM parent phase to the tetragonal/SC phase via an intermediate coexistence phase [20] [21] [22] . All the STM results reported in this paper are measured at T = 5 K.
We start the investigations from the parent compound. Fig. 1(c) displays the differential conductance (dI/dV) map measured at sample bias V = -20 mV on cleaved NaFeAs crystal, which represents the spatial distribution of the electron DOS with energy  = -20 meV relative to the Fermi energy (E F ). The dominant feature here is the existence of many identical dimer-shaped DOS depressions, as marked by the yellow ellipses. The long-axis of the dimers is rotated by 45 degree with respect to the square lattice of the surface Na layer measured on the same area [ Fig. 1(c) inset] . Comparison to the schematic structure [ Fig. 1(b) ] reveals that the dimers are all aligned along a particular Fe-Fe bond direction (we cannot distinguish the orthorhombic a and b axes). The overall features bear strong resemblance to the unidirectional dimer patterns observed in the Ca(Fe 1-x Co x ) 2 As 2 parent state [6] . expected for a S 4 -symmetric electronic structure. Interestingly, the dispersions show approximate particle-hole symmetry with respect to E F . For negative bias the position and the dispersion of the QPI spots highly resemble that of the h 3 hole band in stoichiometric LiFeAs [24] . We note that the lack of nematic electronic order in optimally doped NaFe 1-x Co x As is contrary to recent torque magnetometer measurement showing that the nematicity extends to the overdoped regime of BaFe 2 (As 1-x P x ) 2 , where the lattice retains the S 4 symmetry [25] .
We next discuss the implications of the above QPI results in NaFe 1-x Co x As. Due to the multiband nature of the electronic structure, it is technically difficult to obtain a quantitative understanding of the QPI patterns to the level of that achieved in the cuprates [26, 27] .
Therefore, the main focus of the discussion here is on the symmetry, i.e., whether the FT-QPI images exhibit C 2 or S 4 rotational symmetry.
In the parent compound, the dominant features are randomly distributed, unidirectional dimer-like impurity states. As discussed in Ref. [6] , the main effect of these local impurity states are to provide anisotropic scattering of the quasiparticles, which explains the resistivity anisotropy between the orthorhombic a and b axes. In the underdoped regime, the QPI shows strong S 4 symmetry breaking. The arc-like dispersion along the stripes and constant inter-stripe periodicity are characteristic features of the nematic stripy QPI patterns.
The most important finding of this work is that at optimal doping the electronic structure is S 4 symmetric. In view of the fact that impurity/local strain can induce local electronic anisotropy in the S 4 symmetric phase when the nematic susceptibility is large, and the fact that at optimal doping there is no evidence of any electronic anisotropy suggests that the nematic susceptibility is low at optimal doping. A low nematic susceptibility in turn means there is barely any nematic fluctuation. Since T C is the highest at optimal doping this can only mean one thing: nematic fluctuations are not important for strong Cooper pairing in the iron pnictides. This same conclusion was reached in a theoretical paper recently [28] .
There are still a number of open questions. (1) It would be interesting to follow the evolution of the QPI patterns as the temperature is lowered to the tetragonal-orthorhombic structural phase transition from above. This will allow one to gain quantitative understanding of how increasing nematic susceptibility affects the QPI anisotropy. (2) It will be interesting to measure the QPI patterns above the superconducting transition at optimal doping to confirm that nematic fluctuations are weak in the normal state. (3) Previous structural studies on Ba(Fe,Co) 2 As 2 indicate the weakening of orthorhombicity upon the superconducting transition [29] . It will be interesting to see if there is any change of the QPI anisotropy in our underdoped compound upon the superconducting transition. In order to resolve these issues, high resolution QPI measurements to elevated temperatures are required. These will be a series of highly challenging, but highly informative experiments that deserve future investigations.
In summary, STM-QPI studies in NaFe 1-x Co x As reveal that the electronic structure of iron pnictides become more isotropic with increasing doping. In particular, we demonstrate unambiguously that the optimally doped sample has a S 4 symmetric electronic structure in the ground state, which suggests that nematic fluctuations are insignificant for the highest T C .
This suggests strong nematic fluctuations are not prerequisite for strong Cooper pairing in the iron pnictides. 
